Rationale: The Institute of Medicine (IOM) standards for guideline development have had unintended negative consequences. A more efficient approach is desirable.
Release of the Institute of Medicine (IOM) standards for clinical practice guidelines in 2011 heralded a new era in guideline development (1) . According to these standards, guidelines should be developed by panels with minimal conflicts of interest; a systematic review of the evidence should inform every recommendation; the rationale for each recommendation should be explicitly stated; recommendations should be articulated in a standardized fashion; and each recommendation should be rated according to its strength and the panel's confidence in the supporting evidence (i.e., quality of evidence) (1, 2) . The Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) method is a common approach used to articulate and rate recommendations (3, 4) , but other systems also exist (5, 6) .
Although well intentioned, the IOM standards have had unintended consequences, including delays and high costs, which are largely attributable to the requirement to perform a systematic review for each recommendation. Not only does performing this volume of systematic reviews dramatically increase the duration of a guideline's development, but the need to either outsource the systematic reviews or hire an experienced guideline methodologist to shepherd a guideline through development significantly increases the costs as well. As a result of these undesirable consequences, many guideline developers have reduced the scope of their guidelines or the number of guidelines that they produce, thus ultimately providing less guidance to the clinical community (unpublished program evaluation data, K. C. Wilson).
Proponents of the IOM approach argue that the more involved process is necessary to avoid recommending interventions that have no benefit or are harmful. Critics of the IOM approach argue that a panel of appropriately chosen experts is already well informed about the body of evidence and that therefore the systematic reviews are extraneous and serve only to create unnecessary delays. The critics further argue that there is a paucity of evidence that the systematic reviews demanded by the IOM approach produce more appropriate recommendations than expert panels do. There is no empiric evidence to support either perspective.
We hypothesize that the truth lies between the opposing views; specifically, we believe that some recommendations should be informed by systematic reviews, whereas others do not require a systematic review. It is our opinion that reducing the number of systematic reviews per guideline will decrease the duration and cost of guideline development, resulting in the dissemination of more guidance from experts to clinicians. The purpose of our study was to determine whether incorporation of an iterative, survey-based process modeled after the Delphi method (7) early during guideline development can discriminate recommendations that should be informed by a systematic review from those that can be based upon expert consensus alone. This study was approved by the Boston University Medical Campus Institutional Review Board (H-35497).
Methods

Survey Development
We identified eight American Thoracic Society (ATS)-sponsored clinical practice guidelines that had been completed but not yet presented publicly or published (8) (9) (10) (11) (12) (13) (14) (15) . These guidelines were created using an IOM standards-compliant process, meaning that an expert panel was assembled, questions were framed in the PICO (Population, Intervention, Comparator, and Outcome) format, full systematic reviews (i.e., multiple databases searched; studies selected and data extracted in duplicate) or pragmatic systematic reviews (i.e., only one database searched; studies selected and data extracted by a single individual) were performed for each question, and the quality of the evidence was rated using the GRADE approach (high, moderate, low, or very low quality). The systematic reviews were then used to inform the formulation of recommendations, and the GRADE approach was used to articulate the recommendations and to rate their strength (strong or conditional recommendation for or against the intervention).
For our study, the questions from each IOM process-derived guideline were composed into electronic multiple-choice surveys using SurveyMonkey software (SurveyMonkey, San Mateo, CA), retaining the format of the original guideline questions (see Figure E1A in the online supplement). Each survey question consisted of four parts: (1) presentation of the PICO question, (2) a multiple-choice response asking for a strong or conditional recommendation for or against a course of action, (3) a second multiple-choice question asking participants to evaluate their impression of the quality of the evidence, and (4) a free-text box for comments.
Participants
For each guideline, a clinical expert who has expertise in the guideline's content area, but who was not involved in the original guideline's development, was identified by the senior author (K.C.W.). The clinical expert then identified 25-30 stakeholders, including physicians and nurses, who also have expertise in the guideline's content area. The stakeholders who were willing to participate in the study and were not involved in any aspect of development of the original guideline were formed into an expert panel. The conclusions and recommendations from the IOM processderived guidelines were unknown to all participants.
Survey Administration
Electronic invitations were sent to each expert panel, inviting them to participate in the initial survey. Surveys were then administered via a modified Delphi method, which we termed the Convergence of Opinion on Recommendations and Evidence (CORE) process. This process consisted of administering the initial surveys to the expert panels, waiting a prespecified time (which varied from 7-14 d on the basis of participants' schedules), and then compiling the responses. These responses, which included answers to the multiplechoice questions as well as individual comments, were assembled and then provided to survey participants along with the original survey questions ( Figure E1B ). Participants were then asked again to respond to the survey questions after considering the results from the prior round. This process was repeated in an iterative fashion until stopping criteria were met. We prespecified our stopping criteria as either the completion of three rounds of surveys or the convergence of opinion as shown by more than 50% of respondents selecting a given choice, with the percentage of respondents selecting that option having increased from the prior round. (For example, if 45% of respondents selected "conditional recommendation for the intervention" in round 1 and then 55% selected that same option during round 2, we would consider the stopping criteria met for that question.) If all questions in a given survey displayed convergence of opinion or three rounds were completed, we would halt the process. Figure 1 provides a graphical representation of the CORE process.
Outcomes Measures
Once the stopping criteria were met, the CORE-derived recommendations were tabulated using a 50% agreement threshold as the requirement for consensus. "Agreement" refers to the proportion of respondents who selected a given option on the final survey, "agreement threshold" refers to the extent of agreement needed for consensus, and "consensus" refers to achieving sufficient agreement to determine a recommendation. Thus, if at least 50% of respondents selected a strong or conditional recommendation for a given course of action in the final survey, then a recommendation was made for the course of action.
The CORE-derived recommendations were then compared with recommendations from the IOM standards-compliant guidelines. "Concordance" refers to the number of identical recommendations divided by the total number of recommendations. Thus, if 45 of the CORE-derived recommendations were identical to recommendations from the IOM standards-compliant guidelines and 5 were different, then concordance was 90%. We initially determined concordance of directionality (for or against the course of action); among recommendations with the same directionality, we also determined concordance of the strength (strong or conditional) and the quality of evidence (high, moderate, low, or very low).
To determine if requiring greater agreement would improve concordance, we performed a post hoc analysis using 60%, 70%, and 80% agreement thresholds as requirements for consensus for the COREderived recommendations. As an example, if 75% of respondents selected a strong or conditional recommendation for a course of action in the final survey, then recommendations for the course of action could be made when a 50%, 60%, or 70% agreement threshold was required for consensus, but no recommendation could be made when an 80% agreement threshold was required. Concordance was determined for each agreement threshold.
Additionally, we compared durations from question completion to recommendations for the CORE and the IOM standards-compliant processes. Durations of the CORE process were measured from initial survey distribution to final recommendations; durations of the IOM standards-compliant process were estimated on the basis of the interval from guideline project commencement to manuscript submission, with an assumed average of 9 months subtracted for panel composition (including conflict-of-interest screening), PICO question determination, and manuscript writing.
Statistical Analysis
Statistical analysis was performed using SAS version 9.32 software (SAS Institute, Cary, NC). For the 50% and 70% agreement thresholds for consensus, an agreement kappa value was calculated between the IOM standard process and the CORE process (16) . Duration differences were examined using a Wilcoxon rank-sum test, and a Hodges-Lehmann estimator provided a median and 95% confidence limits.
Results
Participation
Initial survey response rates ranged from 76 to 100%, and they ranged from 72 to 100% on subsequent rounds. All surveys had a minimum of 15 responses in the final round. Results were calculated on the basis of responses provided in the final round (responses of participants who completed only early surveys were not included). This maintained the integrity of the iterative Delphi approach.
Agreement Thresholds for Consensus
At the prespecified 50% agreement threshold for consensus, recommendations could be made for all questions. At higher agreement thresholds, there were questions for which a recommendation could not be made, because the response percentages did not exceed the agreement threshold. For these questions, we stated that no recommendation could be given. As the agreement threshold was raised, the number 
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of questions for which recommendations could be made decreased; specifically, at agreement thresholds of 50%, 60%, 70%, and 80%, the percentages of questions for which a recommendation could be made were 100%, 94%, 82%, and 76%, respectively ( Table 1) .
Directionality of recommendations.
When the CORE process was conducted using a 50% agreement threshold for consensus, 60 (89.6%) of 67 questions yielded concordant recommendations for directionality and 7 (10.4%) of 67 yielded discordant recommendations. This corresponds to a kappa value of 0.71 with an SE k of 0.104. When the agreement threshold for consensus was increased to 70%, fewer recommendations were made, but the recommendations more closely mirrored the IOM process-derived recommendations. Specifically, 12 (17.9%) of 67 questions did not reach sufficient agreement to yield a recommendation; however, among the 55 remaining recommendations, 54 (98.2%) were concordant with the IOM process-derived recommendations, and only 1 (1.8%) was discordant (Table 1) . This corresponds to a kappa value of 0.941 with an SE k of 0.058, which, depending on the criteria employed, rates as either "almost perfect" or "excellent" agreement (16) . Among the 12 questions for which there was insufficient agreement to yield a recommendation at the 70% agreement threshold, 6 (50%) had yielded discordant recommendations and 6 (50%) had yielded concordant recommendations at the 50% agreement threshold.
Most discordant recommendations occurred in the context of low-or very low-quality evidence, as defined by the IOM standards-compliant process. At the 50% agreement threshold, 5 (71.4%) of 7 discordant recommendations were associated with low-or very low-quality evidence. At the 70% agreement threshold, the lone discordant recommendation was associated with low-quality evidence.
Strength of recommendations and quality of evidence. Among the 60 recommendations with directional concordance that were derived using a 50% agreement threshold, 43 (71.7%) had concordance of the strength of the recommendation and 21 (35%) had concordance of the quality of evidence. Of the 17 recommendations for which the strength differed, the CORE process overestimated the strength of 12 (71%) and underestimated 5 (29%). Of the 39 recommendations where the qualityof-evidence evaluation differed, the CORE process overestimated the quality of evidence of 36 (92.3%) while underestimating only 3 (7.7%) ( Table 2) . At the 70% agreement threshold, 29 (53.7%) of 54 of the recommendations displayed concordance of strength, and 10 (18.5%) of 54 of the recommendations had concordance of the quality of evidence (Table 2 ). Among discordant results at the 70% agreement threshold, the CORE process overestimated both the strength of the recommendations and the quality of evidence.
Duration
The median time to completion was significantly shorter for the CORE process than for the IOM standards-compliant process (median, 19. 
Discussion
This study was conceived with the goal of creating a process to streamline guideline creation while maintaining recommendation validity. It was designed as a proof-of-concept study to explore whether expert knowledge of a subject area assessed through a modified Delphi process was sufficiently high to replace portions of the systematic review-based, IOM standards-compliant process. We found that using a 50% agreement threshold for consensus resulted in an approximately 90% concordance rate with regard to directionality of the recommendation. We felt that this was unacceptably low. When we increased the agreement threshold for consensus to 70%, there were 12 questions (17.9%) for which no recommendation could be made; however, for the remaining 55 questions (82.1%) for which a recommendation was possible, the concordance rate increased to 98%, with only one discordant recommendation. We consider this to be an excellent concordance rate, especially considering that no descriptions of the evidence were presented to the panel prior to generating these recommendations. Also critical is the fact that the CORE process produced concordant recommendations to the IOM standards-compliant process in a fraction of the time.
Notably, however, concordance for strength of recommendation and quality of evidence was moderate to poor. Participants were not provided any formal training on how to rate quality of evidence or strength of recommendations as part of this study. Supporting this as a contributor to the moderate to poor concordance, a previous study reported interrater reliability coefficients ranging from 0.49 to 0.84 following two training sessions on rating the quality of evidence using GRADE (17); however, participants were health research methodology students and GRADE working group members rather than guideline panelists. The low concordance rates in our study reflected the tendency of experts to overestimate the quality of available evidence. This overestimation of the quality of evidence would then naturally lead to a tendency to emphasize a course of action by increasing the strength of the recommendation. One goal of a future prospective study evaluating the CORE process would be to provide formal guidance in evaluation of the quality of evidence and then examine the responses to see if this improves the concordance with evaluations derived via the IOM standards-compliant process. Although the concordance on the quality of the evidence was suboptimal, the external validity of the GRADE ranking of the quality of evidence is itself in question, owing to its unclear ability to predict static estimates of effect (18, 19) . Given this inherent uncertainty in the accuracy of the quality of evidence evaluations, a lack of agreement with this ranking is less problematic for the CORE process than if the most important aspect of the recommendation-the directionality-had lacked agreement. Given that one of the major goals of the IOM standards is to improve transparency, one might argue that the poor concordance indicates that the IOM standards should require reporting the level of agreement among panel members for rating the quality of evidence and the strength of the recommendation. Although we appreciate the idea, we question its feasibility for several reasons. First, formal votes (by which an agreement level would be obtained) do not always occur during guideline development, because recommendations are often based upon consensus via discussion. Second, even if such votes did regularly occur, the relatively small size of most guideline development panels would make calculating an agreement level (kappa) for quality of evidence or strength of recommendation difficult.
Upon closer examination, the majority of the discordant recommendations (directionality) occurred in the setting of low or very low quality of evidence. This suggests that discordant recommendations occur primarily in subject areas for which there is limited evidence or that tend to be more controversial. By raising the agreement threshold to 70%, we were able to optimize the number of recommendations given while still eliminating those either too controversial or too lacking in evidence to simply rely on expert opinion to generate recommendations.
Thus, we propose that the CORE process be performed as an initial step in guideline creation, following panel composition and question finalization (Figure 2 ). Questions for which 70% agreement on a recommendation cannot be achieved should go through an IOM standards-compliant process, ensuring that questions that are controversial or uncertain are systematically explored. Recommendations for which 70% agreement can be achieved through the CORE process can be accepted, thereby avoiding a lengthy and costly systematic review. Recommendations that are accepted on the basis of surpassing the agreement threshold would not necessarily have ratings of strength of the recommendation or quality of evidence attached, unless we are able to demonstrate in future studies that formal training improves the ability of the expert panel to accurately assess the quality of evidence. With this proposed process, we expect a shorter duration of guideline development, which would result in cost savings; however, this could not be confirmed in the present study because of incomplete information on the final costs of the IOM standards-compliant guidelines. We expect that decreasing the cost of guideline development and lessening the time required will simultaneously permit guidelines to be developed with a greater scope and enable expert guidance to reach the clinician sooner.
Our study has several important limitations. First, our study could not include the same experts as were included in the original guideline panels, and thus it is possible that different expert panel compositions rather than the different processes were the cause of the discordant recommendations. Future studies should use the same panel to compare recommendations derived from the CORE process with those derived using an IOM standards-compliant approach. Second, our guideline questions were confined to pulmonary and critical care medicine (the content area of the clinical practice guidelines used as test cases), so generalizability beyond those fields is uncertain. Further research is required to demonstrate applicability to other medical specialties. Third, our estimations of duration of the IOM standards-compliant process are merely estimates because the exact amount of time required for panel composition, conflict-of-interest vetting, PICO question development, and manuscript writing was presumed to be approximately 9 months. In reality, these tasks may have taken more or less time. Finally, our stopping criteria were arbitrary, and the impact of those criteria is unknown. By adjusting those criteria, one could potentially fine-tune the CORE process to increase its accuracy and improve its utility. Thus, this trial serves as a proof-ofconcept study evaluating an alternative guideline construction process. We found that the CORE process, a modified Delphi approach based on iterative surveys and expert knowledge, accurately reproduced a high percentage of guideline recommendations developed through an IOM standards-compliant process. Though further studies are needed to confirm these results and fine-tune the CORE process, we propose that it serve as a preliminary step in the guideline construction process, thus significantly decreasing the number of systematic reviews required to create a guideline. This in turn would decrease the time and cost required, facilitating the delivery of more and broader guidelines into the hands of clinicians. n 
